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HIGH STRENGTH THIN STEEL SHEET EXCELLENT IN BURRING, 
ELONGATION, AND ABILITY OF PHOSPHATE COATING AND 
A METHOD OF PRODUCTION OF THE SAME 

TECHNICAL FIELD 

The present invention high strength hot rolled steel 
sheet excellent in burring, elongation, and ability of 
phosphate coating used mainly for press worked automotive 
chassis parts, having a thickness of 0.6 to 6.0 mm or so, 
and having a strength of 590 N/mm 2 or more and a method of 
production of the same. 

BACKGROUND ART 

In recent years, car bodies have been made lighter 
in weight as means for improving the fuel efficiency due 
to the environmental problems raised by automobiles and a 
strong need has arisen for reducing costs by forming 
parts integrally and streamlining the working processes. 
High strength hot rolled steel sheet excellent in press 
workability has therefore been developed. In the past, as 
such high strength hot rolled steel sheet having a high 
workability, steel with a mixed structure of a ferrite 
and martensite structure or ferrite and bainite structure 
or steel with a substantially single phase structure of 
mainly bainite or ferrite have been widely known. 

In particular, steel of a ferrite and martensite 
structure has the characteristics of a high ductility and 
excellent fatigue characteristics, so is being used for 
automobile wheels etc. For example, Japanese Unexamined 
Patent Publication (Kokai) No. 6-33140 discloses steel of 
a ferrite and martensite structure where the amounts of 
addition of Al and N in the ferrite and martensite 
structure are adjusted so as to leave solid solution N 
and obtain a high ageing hardening and thereby obtain a 
high fatigue strength, but in a ferrite and martensite 
structure, microvoids form around the martensite from the 
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beginning of deformation and lead to cracking, so there 
is the problem of poor burring. This made the steel 
unsuitable for applications such as chassis parts 
demanding a high burring. 
5 Further, Japanese Unexamined Patent Publication 

(Kokai) No. 4-88125 and Japanese Unexamined Patent 
Publication (Kokai) No. 3-180426 disclose steel sheet 
having a structure mainly comprised of bainite, but since 
the structure is mainly comprised of bainite, while the 

10 burring is excellent, there is little of the soft ferrite 

phase, so the ductility is poor. Further, Japanese 
Unexamined Patent Publication (Kokai) No. 6-172924 and 
Japanese Unexamined Patent Publication (Kokai) No. 7- 
11382 disclose steel sheet having a structure mainly 

15 comprised of ferrite, but similarly while the burring is 

excellent, hard carbides are made to precipitate in order 
to secure strength, so the ductility is poor. 

Further, Japanese Unexamined Patent Publication 
(Kokai) No. 6-200351 discloses steel sheet excellent in 

20 burring and ductility having a ferrite and bainite 

structure, while Japanese Unexamined Patent Publication 
(Kokai) No. 6-293910 discloses a method of production of 
steel sheet achieving both burring and ductility by use 
of two-stage cooling to control the ratio of ferrite. 

25 However, due to the further reduction in weight, 

complexity of parts, etc. of automobiles, further higher 
burring and ductility are sought. Recent high strength, 
hot rolled steel sheets are being pressed to provide an 
advance level of workability not able to be handled by 

30 the above technology. 

Further, Japanese Unexamined Patent Publication 
(Kokai) No. 2002-180190 discloses an invention relating 
to high strength hot rolled steel sheet excellent in 
burring and ductility. While high strength hot rolled 

35 steel sheet excellent in the contradictory 

characteristics of burring and ductility has been 
obtained, in the hot rolling process, surface defects 
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known as Si scale sometimes occurred resulting in damage 
to the appearance of the product. Further, high strength 
hot rolled steel sheet for chassis parts etc. usually is 
chemically converted and painted after press working. 
5 However, problems sometimes arose such as cases of poor 

formation of the chemical conversion coating (poor 
chemical conversion) or cases of poor adhesion of the 
paint after application. These problems are believed to 
be due to the large amount of Si contained in the steel. 

10 In this way, Si is often used for high strength hot 

rolled steel sheet, but various types of trouble arise. 

Further, Japanese Unexamined Patent Publication 
(Kokai) No. 6-128688 discloses technology for adjusting 
the hardness of the ferrite phase in a ferrite and 

15 martensite structure so as to improve the durability and 

achieve both ductility and fatigue strength. Further, 
Japanese Unexamined Patent Publication (Kokai) No. 2000- 
319756 discloses technology for adding Cu to a ferrite 
and martensite structure so as to strikingly improve the 

20 fatigue characteristics while maintaining the ductility. 

In both cases, however, to secure sufficient ferrite in 
the hot rolling process, the amount of Si added becomes 
high, so in the hot rolling process, surface defects 
known as Si scale are formed in some cases and the 

25 appearance of the product is damaged in some cases. 

Further, high strength hot rolled steel sheet for chassis 
parts etc. normally is chemically converted and painted 
after press working. However, problems sometimes arose 
such as cases of poor formation of the chemical 

30 conversion coating (poor chemical conversion) or cases of 

poor adhesion of the paint after application. 
DISCLOSURE OF THE INVENTION 

The present invention was made so as to solve the 
above conventional problems and provides high strength 
35 hot rolled steel sheet excellent in elongation and 

remarkably improved in ability of phosphate coating by 
preventing the drop in elongation accompanying an 
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increase of strength to a tensile strength of 590 N/mm 2 or 
more and further by preventing the formation of Si scale. 
That is, the present invention has as its object to 
provide high strength hot rolled steel sheet excellent in 
5 burring, elongation, and ability of phosphate coating and 

a method of production of that steel sheet. Its gist is 
as follows: 

(1) High strength hot rolled steel sheet excellent 
in burring, elongation, and ability of phosphate coating 

10 characterized by being a steel composition containing, by 

mass%, C: 0.02 to 0.08%, Si: 0.50% or less, Mn: 0.50 to 
3.50%, P: 0.03% or less, S: 0.01% or less, Al : 0.15 to 
2.0%, and the balance of iron and unavoidable impurities, 
satisfying the following formula, having a microstructure 

15 of said steel sheet having a ratio of ferrite of a grain 

size of 2 fun or more of at least 40%, and having a 
tensile strength of at least 590 N/mm 2 : 

Mn+0.5 x Al<4 (1) 

(2) High strength hot rolled steel sheet excellent 
20 in burring, elongation, and ability of phosphate coating 

characterized by having a tensile strength of at least 
590 N/mm 2 as set forth in (1), further containing, by 
mass%, one or two or more of Ti: 0.003% to 0.20%, Nb: 
0.003% to 0.04%, V: 0.003%to 0.20%, Ca: 0.0005 to 0.01%, 
25 Zr: 0.0005 to 0.01%, a REM: 0.0005 to 0.05%, and Mg: 

0.0005 to 0.01%. 

(3) High strength hot rolled steel sheet excellent 
in burring, elongation, and ability of phosphate coating 
characterized by having a tensile strength of at least 

30 590 N/mm 2 as set forth in (1) or (2), characterized by 

satisfying 0 . 3xAl+Si-2xMn>-4 ... (2) and having a 
microstructure of a grain size 2 jam or more ferrite and 
martensite two-phase structure. 

(4) High strength, hot rolled steel sheet excellent 
35 in burring, elongation and ability of phosphate coating 

characterized by having a tensile strength of at least 
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590 N/mm 2 as set forth in (1) or (2), characterized by 
having a microstructure of a grain size 2 nm or more 
ferrite and bainite two-phase structure. 

(5) A method of production of high strength hot 
5 rolled steel sheet excellent in burring, elongation, and 

ability of phosphate coating characterized by having a 
tensile strength of 590 N/mm 2 or more characterized by 
ending hot rolling of a slab comprised of a steel 
composition as set forth in any one of (1) to (3) at a 

10 rolling end temperature of the Ar 3 point or more, then 

cooling it by a cooling rate of 20°C/sec or more until 
650°C to 750°C, then air cooling it for 2 to 15 seconds, 
further cooling it, then coiling it at a temperature of 
less than 300°C. 

15 (6) A method of production of high strength hot 

rolled steel sheet excellent in burring, elongation, and 
ability of phosphate coating characterized by having a 
tensile strength of 590 N/mm 2 or more, characterized by 
ending hot rolling of a slab comprised of a steel 

20 composition as set forth in any one of (1), (2), and (4) 

at a rolling end temperature of the Ar 3 point or more, 
then cooling it by a cooling rate of 20°C/sec or more to 
650 to 800°C, then air cooling it for 2 to 15 seconds, 
then further cooling it by a cooling rate of 20°C/sec or 

25 more to 350 to 600°C and coiling it. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view of the relationship between Al and 
Mn and ability of phosphate coating. 

FIG. 2 is a view of the relationship between the 2 
30 ^im or larger ferrite percentage and the elongation. 

FIG . 3 is a view of the relationship between 
elongation and strength. 

BEST MODE FOR WORKING THE INVENTION 

In conventional ferrite and martensite steel, 
35 securing ductility requires that a sufficient ferrite 

structure percentage be secured. A high amount of 
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addition of Si was essential- However, if the amount of 
addition of Si becomes high, surface defects known as Si 
scale are formed in some cases. It is known that these 
damage the appearance of the product and cause 
5 deterioration of the ability of phosphate coating- The 

inventors engaged in intensive studies to solve these 
problems and as a result discovered that to obtain a 
sufficient ferrite percentage in ferrite and martensite 
steel, addition of Al is effective. They learned that by 

10 adjusting the Mn and the Al and Si ingredients and making 

the ferrite grains at least a certain size as much as 
possible, even with a low amount of Si added, sufficient 
burring and elongation are obtained. Further, they 
discovered that by adjusting the Al and Mn, deterioration 

15 of the ability of phosphate coating can be suppressed. By 

this, the inventors completed the present invention. That 
is, the inventors newly discovered that by making the 
specific microstructure of the steel sheet a low C-low 
Si-high Al system with Mn and Al and Si in a specific 

20 relationship, high strength hot rolled steel sheet 

achieving high burring, elongation, and ability of 
phosphate coating can be obtained. Further, the inventors 
discovered an industrially advantageous method of 
production for this. 

25 Further, the present invention takes note of steel 

with a substantially two-phase structure of ferrite and 
bainite where the ferrite improves the elongation and 
precipitates comprised of TiC, NbC, and VC secure the 
strength and causes sufficient growth of the ferrite 

30 grains to improve the elongation without lowering the 

burring, then causes the formation of precipitates to 
secure the strength so as to thereby solve the above 
problems. That is, the inventors newly discovered that by 
obtaining a specific microstructure of the present 

35 invention steel sheet comprising a low C-low Si-high Al- 

(Ti, Nb, V) system and having Mn and Al in a specific 
relationship, high strength hot rolled steel sheet 
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simultaneously satisfying the three characteristics of 
burring, elongation, and ability of phosphate coating is 
obtained. Further, they discovered an industrially 
advantageous method of production for the same. Note that 
5 (Ti, Nb, V) means inclusion of a specific amount of one 

or more of Ti, Nb, and V. 

Below, the reasons for limitation of the elements of 
the steel composition will be explained. 

C is included in an amount of 0.02% to 0.08%. C is 

10 an element necessary for strengthening the martensite 

phase and securing strength. If less than 0.02%, the 
desired strength is hard to secure. On the other hand, if 
over 0.08%, the drop in the elongation becomes great, so 
the amount is made 0.02% to 0.08%. 

15 Si is an important element for suppressing the 

formation of harmful carbides and obtaining a complex 
structure of mainly a ferrite structure plus residual 
martensite, but causes a deterioration of the ability of 
phosphate coating and also forms Si scale, so 0.5% is 

20 made the upper limit. If over 0.25%, at the time of 

production of hot rolled steel sheet, the temperature 
control for obtaining the above microstructure sometimes 
is severe, so the Si content is more preferably 0.25% or 
less . 

25 Mn is an element necessary for securing strength. 

Therefore, 0.50% or more must be added. However, if added 
in a large amount over 3.5%, micro segregation and macro 
segregation easily occur, the burring is deteriorated, 
and a deterioration in the ability of phosphate coating 

30 is also seen, to secure ability of phosphate coating 

without causing deterioration of the elongation, the 
range of Mn must be 0.50% to 3.50%. 

P dissolves in the ferrite and causes the elongation 
to drop, so its content is made 0.03% or less. Further, S 

35 forms MnS which acts as a starting point for breakage and 

remarkably lowers the burring and elongation, so the 
content is made 0.01% or less. 
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Al is one of the important elements in the present 
invention and is necessary for achieving both elongation 
and ability of phosphate coating. Therefore, 0.15% or 
more must be added. Al was an element conventionally 
5 considered necessary for deoxidation in hot rolled steel 

sheet and normally was added in an amount of 0.01 to 
0.07% or so. The inventors ran various experiments on 
high strength hot rolled steel sheets based on steel 
compositions of low C-low Si systems including remarkably 

10 large amounts of Al and different in metal structure and 

thereby reached the present invention. That is, they 
discovered that by including Al in an amount of 0.15% or 
more and forming the above microstructure, it is possible 
to greatly improve the elongation without damaging the 

15 ability of phosphate coating. With an amount of Al of 

2.0%, the effect of improvement of the elongation becomes 
saturated. Not only this, but if added in an amount over 
2.0%, achievement of both elongation and ability of 
phosphate coating conversely ends up becoming difficult, 

20 so the content is made 0.15% to 2.0%. 

For achievement of both elongation and ability of 
phosphate coating, it is also important to define the 
relationship between Mn and Al. While the reason is 
unclear, the inventors newly discovered that under 

25 conditions of Si of 0.5% or less, as shown in FIG. 1, 

under conditions of 

Mn+0.5xAl<4 ■ • • (1) 
the ability of phosphate coating is not damaged. 
Hot rolled steel sheet has to finish being 

30 controlled in microstructure in the extremely short time 

of ROT cooling. Up until now, the microstructure was 
controlled during cooling by increasing the amount of 
addition of Si, but if the amount of addition of Si 
increases, there is the problem that deterioration of the 

35 ability of phosphate coating is induced. Deterioration of 

the elongation of types of steel requiring ability of 
phosphate coating was unavoidable. Therefore, the 
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inventors engaged in intensive studies on techniques for 
improving the ability of phosphate coating without 
causing the elongation to deteriorate and newly 
discovered Al as an element which, like Si, forms ferrite 
5 and yet does not induce deterioration of the ability of 

phosphate coating and further does not cause 
deterioration of other aspects of quality. Further, the 
inventors engaged in repeated studies on the control of 
the microstructure in a short time in addition of low Si- 

10 high Al, which was not clear up to now, and discovered 

that particularly in the low Si-high Al region in the 
region of addition of a high amount of Al of 0.15% or 
more, control of the microstructure in a short time is 
difficult unless considering the addition of Si, Al, and 

15 Mn. By clarifying their individual effects, the inventors 

arrived at the right side of formula (2) . When this value 
is -4 or more, even with short treatment such as hot 
rolling ROT, a sufficient ferrite phase can be secured 
and a high elongation can be obtained. On the other hand, 

20 when this value is less than -4, the ferrite phase 

insufficiently grows and deterioration of the elongation 
is induced. From this, the inventors obtained the 
condition of formula (2) . 

0 . 3xAl+Si-2xMn>-4 (2) 

25 Ti, Nb, and V cause the precipitation of fine 

carbides such as TiC, NbC, and VC and enable higher 
strength. For this purpose, it is necessary to add one or 
more of Ti in an amount of 0.003 to 0.20%, Nb in an 
amount of 0.003% to 0.04%, and V in an amount of 0.003% 

30 to 0.20%. With an amount of Ti, Nb, or V of less than 

0.003%, it is difficult to obtain a rise in strength 
through precipitation strengthening, while if Ti exceeds 
0.20%, Nb exceeds 0.04%, or V exceeds 0.20%, too large an 
amount of precipitate is formed and the elongation 

35 deteriorates. Further, for further effective use of 

precipitates of Ti, Nb, and V, Ti is preferably contained 
in an amount of 0.020% or more, Nb in an amount of 0.010% 
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or more, and V in an amount of 0.030% or more. 

Ca, Zr , and REMs are elements effective for 
controlling the morphology of sulf ide-based inclusions 
and improving the burring. To make their effects of 
5 control of the morphology more effective, it is 

preferable to add one or more of Ca, Zr, and a REM in an 
amount of at least 0.0005%. On the other hand, addition 
of large amounts induces coarsening of the sulf ide-based 
inclusions and causes deterioration of the cleanliness. 

10 Even in low C-low Si-high Al ingredient system of the 

present invention, not only is the elongation lowered, 
but also a rise in the cost is induced, so the upper 
limit of Ca and Zr is made 0.01% and the upper limit of a 
REM is made 0.05%. Further, as a REM, for example, there 

15 are the elements of the Element Nos. 21, 39, and 57 to 

71. 

As unavoidable impurities, even if containing for 
example N<0.01%, Cu<0.3%, Ni<0.3%, Cr<0.3%, Mo<0.3%, 
Co<0.05%, Zn<0.05%, Na<0.02%, K<0.02%, and B<0.0005%, the 

20 present invention is not exceeded. 

The size of the ferrite grains is one of the most 
important indicators in the present invention. The 
inventors engaged in intensive research and as a result 
discovered that if the area ratio of ferrite having a 

25 grain size of 2 \im or more is 40% or more, the result is 

steel sheet excellent in elongation. FIG. 2 shows the 
relationship between the ratio of ferrite having a grain 
size of 2 |om or more and the elongation. This shows that 
if the ratio of ferrite having a grain size of 2 Jim or 

30 more is 40% or more, the steel sheet exhibits a high 

elongation. 

This is believed to be because if the grain size is 
less than 2 ^m, the individual crystal grains will not 
sufficiently recover and grow and will therefore cause a 
35 drop in the elongation. Therefore, to achieve both good 

burring and elongation, it is necessary to make the ratio 
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of ferrite having a grain size of 2 (xm or more 40% or 
more. Note that to obtain a more remarkable effect, the 
ratio of ferrite having a grain size of 3 |jm or more 
being 40% or more is preferable. Further, the grain size 
5 can be found by converting the area of the individual 

grains to circle equivalent diameters. 

The microstructure of the high strength hot rolled 
steel sheet is to be comprised of ferrite and martensite. 
Here, since the microstructure contains ferrite with a 

10 grain size of 2 |im or more in an amount of 40% or more, 

the microstructure becomes a ferrite and martensite two- 
phase structure with ferrite in an amount of 40% or more. 
For example, as the microstructure of the present 
invention, one comprised of 40% or more of ferrite of a 

15 grain size of 2 jam or more and the balance of ferrite 

with a grain size of less than 2 fim and martensite or one 
comprised of 40% or more of ferrite of a grain size of 2 
^im or more and the balance of only martensite may be 
used. The martensite is made 60% or less in this way 

20 because if the amount of martensite becomes greater than 

that, the drop in elongation becomes remarkably large. 
However, even if residual austenite is contained in an 
amount of about 1% as measured by usual X-ray diffraction 
intensity, the ferrite and martensite two-phase structure 

25 of the present invention is not exceeded. Further, even 

if the region near the surface of the hot rolled steel 
sheet has a partial region of extremely thin (for 
example, about 0.1 to 0.3 mm or so) carbon or another 
steel ingredient somewhat low, while the microstructure 

30 may differ somewhat, so long as the majority of the hot 

rolled steel sheet in the thickness direction is 
comprised of a microstructure of said ferrite and 
martensite two-phase structure with ferrite of a grain 
size of 2 jxm contained in an amount of 40% or more, the 

35 action and effect of the present invention will remain. 

The present invention provides high strength hot 
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rolled steel sheet having said steel composition and 
microstructure and further an industrially advantageous 
method of production of high strength hot rolled steel 
sheet for producing that steel sheet . 
5 When producing high strength hot rolled steel sheet 

by hot rolling, with the low C-low Si-high Al system of 
the present invention, the finish rolling end temperature 
preferably is made the Ar 3 point or more so as to suppress 
the drop in elongation due to the rolling of the ferrite 

10 region. However, if the temperature is too high, the 

coarsening of the microstructure will induce a drop in 
the strength and elongation in some cases, so the finish 
rolling end temperature is preferably 1050°C or less. 
Whether or not to heat the slab should be suitably 

15 determined by the rolling conditions of the steel sheet, 

while whether to bond the hot rolled steel sheet with the 
next hot rolled steel sheet or slab during the hot 
rolling for continuous rolling should be suitably 
selected according to whether the microstructure of the 

20 present invention can be obtained. Further, the steel may 

be melted by a converter system or an electric furnace 
system. It is sufficient that the melting give the above 
steel composition. Further, hot metal pretreatment , 
refining, degasif ication, etc. for controlling the 

25 impurities etc. should be suitably selected. 

Rapidly cooling the steel sheet right after the end 
of the finish rolling is important for securing the 
ferrite ratio. The cooling rate is preferably 20°C/sec or 
more. This is because if less than 20°C/sec, pearlite, 

30 which causes a drop in strength and a drop in elongation, 

is formed. Further, at 250°C/sec, the effect of 
suppression of pearlite becomes saturated, but even over 
250°C/sec, the ferrite crystal grains grow and ferrite 
with a grain size of 2 (am or more can be secured in an 

35 amount of 40% or more of the microstructure. If over 

600°C/sec, the effect of growth of the ferrite crystal 



- 13 - 



grains also becomes saturated and conversely maintenance 
of the shape of the hot rolled steel sheet becomes no 
longer easy under the present circumstances, so 600°C/sec 
or less is preferable. 
5 It is important to stop the rapid cooling of the 

steel sheet once and air-cool the sheet in order to cause 
ferrite to precipitate and increase its ratio and improve 
the elongation. However, if the air cooling start 
temperature is less than 650°C / pearlite harmful to the 

10 burring is formed early. On the other hand, if the air 

cooling start temperature is over 750°C, the formation of 
ferrite is slow and the effect of air-cooling is hard to 
obtain. Not only that, pearlite easily forms during the 
subsequent cooling. Therefore, this is not desirable. 

15 Therefore, the air cooling start temperature is 

preferably 650 to 750°C. Further, even if the air cooling 
time is over 15 seconds, not only will the effect of 
increase in ferrite become saturated, but also the 
formation of pearlite will cause a drop in the strength 

20 and elongation. Further, a load will be placed on the 

subsequent control of the cooling rate and coiling 
temperature, so this is industrially not preferable. 
Therefore, the air cooling time is made 15 seconds or 
less. Note that with an air cooling time of less than 2 

25 seconds, the ferrite cannot be made to sufficiently 

precipitate, so this is not preferable. Further, the air 
cooling of the present invention includes, to an extent 
not having an effect on the formation of the subsequent 
microstructure, blowing a small amount of a mist-like 

30 coolant for the purpose of changing the scale near the 

surface of the hot rolled steel sheet. 

After the air cooling, the hot rolled steel sheet is 
again rapidly cooled. The cooling rate again has to be at 
least 20°C/sec. If less than 20°C/sec, harmful pearlite is 

35 easily formed, so this is not preferable. The effect of 

formation of bainite substantially becomes saturated at 
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200°C/sec. Further, over 600°C, sometimes the steel sheet 
is partially overcooled and local fluctuations in 
hardness occur, so this is not preferable. 

Further, the stopping temperature of this rapid 
5 cooling (secondary rapid cooling) , that is, the coiling 

temperature, is made 300 to 600°C. If the coiling 
temperature is less than 350°C, hard martensite 
detrimental to the burring is formed- On the other hand, 
if over 600°C, pearlite detrimental to the burring is 

10 easily formed. 

By combining the present steel composition and hot 
rolling conditions as explained above, it is possible to 
produce high strength hot rolled steel sheet excellent in 
burring, elongation, and ability of phosphate coating 

15 having a tensile strength of 590 N/mm 2 or more, where the 

microstructure of the steel sheet is a ferrite and 
martensite two-phase structure having a percent of 
ferrite having a grain size of 2 p or more of 40% or 
more. Further, even if the steel sheet of the present 

20 invention is treated on its surface (for example, coated 

with zinc or lubricated) , the effect of the present 
invention stands and the present invention is not 
exceeded. 

Example 1 

25 Steels having the chemical compositions shown in 

Table 1-1 and Table 1-2 (content in mass%, blank fields 
indicating none added) were melted in converters and 
continuously cast into slabs which were then rolled under 
the hot rolling conditions shown in Table 2 and cooled to 

30 thereby produce hot rolled steel sheets of thicknesses of 

2.6 (Examples 1 to 16 and Comparative Examples 1 to 3) 
and 3.2 mm (Examples 17 to 32 and Comparative Examples 4 
to 6) . Note that the rate of rapid cooling was made 
40°C/sec (Examples 1 to 15 and Comparative Examples 1 to 

35 4), 120°C/sec (Examples 16 to 30 and Comparative Example 

5) , and 300°C/sec (Examples 31 and 32 and Comparative 
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Example 6) , and the air cooling time was made 10 seconds 
(Examples 1 to 32 and Comparative Examples 1 to 6) . 
However, the finish rolling end temperature of the hot 
rolling was 900°C (Examples 1 to 32 and Comparative 
5 Examples 4 to 9) and 930°C (Comparative Examples 1 to 3) . 

The thus obtained hot rolled steel sheets were 
subjected to tensile tests and burring tests, were 
observed for microstructure, and were evaluated for 
ability of phosphate coating. The results are shown in 
10 Table 2-1 and Table 2-2. 

Note 1) Tensile strength and elongation 

The test pieces were subjected to tensile tests 
using JIS No. 5 pieces based on JIS Z 2201. 
Note 2) Burring 

15 The burring tests were conducted by widening a 

punched hole having an initial hole diameter (dO: 10 mm) 
by a 60° conical punch and finding the burring value Ck 
value) = (d-d0)/d0 x 100 from the hole diameter (d) when 
the crack passed through the sheet thickness so as to 
20 evaluate the burring. The results are shown in Table 2. 

Note 3) Microstructure of steel sheet 

In observing the microstructure, the sheet was 
corroded by Nytal, then a scan type electron microscope 
was used to identify the ferrite and bainite. The area 
25 ratio of ferrite of a grain size of 2 |xm or more was 

measured by image analysis. 

Note 4) Ability of phosphate coating 

For the ability of phosphate coating of hot 
rolled steel sheet, the surface scale was removed, then a 
30 phosphate coating solution SD5000 (made by Nippon Paint) 

was used for test of phosphate coating after the 
prescribed degreasing and surface conditioning. The 
phosphate coating was judged by SEM (scanning electron 
microscopy) with uniformly formed coatings judged as "G 
35 (good)" and partially formed coatings as "P (poor)". 

Examples 1 to 32 are examples of the present 



invention having all of the chemical ingredients, finish 
rolling end temperature, air cooling start temperature, 
and coiling temperature in the scope of the present 
invention, having microstructures comprised of the two 
5 phases of ferrite and bainite, and having percents of 

ferrite having a grain size of 2 ^im or more of 40% or 
more, i.e., are high strength hot rolled steel sheet 
excellent in burring, elongation, and ability of 
phosphate coating having high X values and elongation. On 

10 the other hand, the sheets of the comparative examples of 

Comparative Examples 1 to 9 deviated from the conditions 
of the present invention are inferior in the balance of 
strength, burring, and elongation and in the ability of 
phosphate coating . 

15 Further, while not shown in Table 1 and Table 2, 

when using a slab of the steel ingredients shown in 
Example 1 and hot rolling it at a hot rolling end 
temperature of 920°C, then cooling it to 625°C by primary 
rapid cooling (cooling rate of 40°C/sec) , air-cooling it 

20 by an air cooling start temperature of 625°C for 10 

seconds, and further cooling it by secondary rapid 
cooling (cooling rate of 20°C/sec, to obtain a coiling 
temperature of 460°C, since the air cooling start 
temperature was lower than the scope of the present 

25 invention, several percent of pearlite formed in the 

microstructure and the area ratio of ferrite having a 
grain size of 2 jxm or more was a low 36% or outside the 
scope of the present invention. Therefore, the elongation 
became 19% and the A, value became 95%, so the balance of 

30 burring and elongation was poor. Further, when similarly 

using a slab of the steel ingredients shown in Example 1 
and hot rolling it at a hot rolling end temperature of 
910°C, then cooling it to 675°C by primary rapid cooling 
(cooling rate of 100°C/sec) , air cooling it by an air 

35 cooling start temperature of 680°C for 10 seconds, then 



further cooling it by secondary rapid cooling (cooling 
rate of 20°C/sec) to obtain a coiling temperature of 
320°C / since the coiling temperature was lower than the 
scope of the present invention, 10% or so of martensite 
formed in the microstructure and the area ratio of 
ferrite having a grain size of 2 jim or more was a low 
33%, so the elongation became 20%, the X value became 
63%, and again the balance of the burring and elongation 
ended up becoming poor. 



- 18 - 





Mn+0.5 
Al 


1.70 | 


1.53 1 


3.55 1 


3.10 I 


1.60 | 


1.80 1 


2.75 | 


1.96 | 


1.26 ! 


2.23 ! 


2.85 | 


1.30 | 


1.10 | 


1.26 i 


2.65 1 


1.76 i 


0.85 | 


3.90 | 


3.70 | 


2.56 | 




Mg 








0.0025 | 




0.0025 | 


0.0040 | 


0.0060 | 




0.0350 1 








0.0320 | 


0.0100 1 


0.0100 | 












REM 




















0.0025 1 


0.0040 | 


0.0060 | 






0.0025 | 


0.0040 | 


0.0060 | 










u 










0.0025 | 












0.0060 | 
















0.0080 | 






Ca 








0.0025 | 








0.0025 | 


0.0010 | 


0.0080 | 












0.0025 | 


0.0010 | 


0.0080 | 






dp 

CO 
CO 
(0 

g 


> 


0.050 | 


0.050 


0.100 ! 




0.100 ! 


0.060 | 


0.040 | 


0.060 | 




0.010 | 


0.000 | 


0.070 | 


0.020 i 


0.050 | 




0.030 | 


0.070 | 


0.020 | 


0.050 | 


0.030 | 


Ti 


o 

CNJ 

o 


o 
o 

CNJ 


o 
<x> 
o 


o 
m 
o 


o 
m 

rH 






oeo* 


o 
o 

rH 


o 

lO 
O 


o 
oo 
o 


o 

CM 
O 


o 
o 


o 
o 

rH 


o 
m 
o 


o 
oo 
o 


o 
oo 
o 


o 
o 


o 
oo 

CM 


o 

lO 

rH 


a 




o 


o 


o 


o 


o 






o 


o 


o 


o 


O 


o 


O 


o 


o 


o 


o 


O 


o 


o 












































siti- 


Nb 


o 

rH 

o 


o 
o 


o 

CNJ 

o 


010' 


o 
o 
o 


o 

CM 
O 


010' 


o 
o 


O 
CM 
O 


0T0' 




O 
CM 
O 


o 

rH 

o 


O 

o 




0T0' 




o 

CM 

o 


O 
rH 

o 


O 

O 


o 
a 




O 


o 


o 


o 


o 


O 


o 


o 


o 


o 




O 


o 


o 




o 




o 


O 


o 


e 












































o 
o 


rH 
< 


0.40 


0.60 


1.10 


1.40 


2.00 


0.40 


0.50 


0.80 


o 

rH 


2.00 


0.70 


0.60 


0.80 


1.40 


1.70 


0.40 


0.50 


0.80 


1.40 


2.00 


Ste 




0030 | 


0030 | 


0005 | 


0010 | 


0050 | 


0030 | 


0100 | 


0080 | 


6000' 


0020 | 


0025 | 


0035 | 


0040 | 


0025 | 


0020 | 


0025 | 


0035 | 


0040 | 


0025 | 


0015 | 






o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 




CO 


0100 | 


0100 


0020 


0050 


0900' 


0100 , 


0020 | 


0010 | 


0010 | 


0015 | 


0020 | 


0040 | 


0020 | 


0100 | 


0100 | 


0040 | 


0010 | 


0100 | 


0020 | 


0010 | 






o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 




Cl, 


m 

rH 

o 


m 

rH 
O 


TOO' 


m 
o 
o 


CM 
rH 

o 


o 

OO 
O 


o 
"ST 
o 


o 

00 

o 


LO 
rH 

O 


CM 
rH 
O 


CM 

rH 
O 


m 

rH 

o 


o 

CM 

o 


oo 
o 
o 


CM 
rH 
O 


CM 
rH 
O 


m 

rH 
O 


rH 

O 


oo 
o 
o 


CM 
O 
O 






o 


O 


o 


o 


o 


o 


o 


o 


o 


O 


o 


o 


o 


o 


O 


O 


O 


O 


o 


O 




Mn 


1.50 | 


1.23 | 


3.00 | 


2.40 [ 


0.60 | 


1.60 ( 


2.50 | 


1.56 | 


0.56 | 


1.23 | 


2.50 ] 


1.00 | 


0.70 I 


0.56 | 


1.80 | 


1.56 | 


0.60 | 


3.50 | 


3.00 | 


1.56 | 




Si 


rH 
O 


10* 


m 
o 
o 


CM 
O 


CM 
O 


o 

OO 


rH 

o 


TO* 


lO 

o 
o 


CM 
O 


CM 
O 


m 

rH 
O 


o 

CM 


TO- 


CM 
O 


CM 
O 


LO 

H 
O 


rH 

o 


TO- 


LO 

o 
o 




o 


o 


o 


O 


o 


O 


o 


o 


o 


o 


o 


O 


o 


co 


o 


O 


O 


o 


co 


o 




u 


oo 
o 


oo 
o 


oo 
o 


OO 
O 


oo 
o 


•«cr 
O 


in 
o 


NT 

o 


o 


m 
o 


LO 

o 


LO 

o 


r- 
o 


<x> 
o 


VD 
O 


<o 

O 


OO 
O 


CO 
O 


oo 
o 


OO 
O 






O 


o 


o 


O 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


O 


O 


O 


O 


o 


o 






rH 


CNJ 


oo 




m 




r» 


00 


cn 


o 

rH 


rH 

rH 


CM 
rH 


00 
rH 


rH 


LO 
rH 


rH 


r- 

rH 


CO 
rH 


cn 

rH 


o 

CM 






X 


Ex. 


EX. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 



- 19 - 



C\J 

I 



X5 
E-» 



m 

o r-t 



S 



S 



u 



(0 

u 



2 



2 



o 
o 



o 
o 



o 
o 



m 

<N 
O 

o 



o 
o 

o 



o 

o 
o 



o 
m 



CM 

m 



o 
*x> 
o 
o 



o 

CM 



m 

CM 

o 
o 



o 

00 

o 
o 



CO 

o 
o 



o 
o 



m 
o 



o 
m 



CM 

o 



o 

CM 

o 



o 
o 
o 

o 

CO 

o 



o 
I— I 
o 



o 

i-H 

o 



o 

CM 

o 



o 
o 



o 

CO 



o 

CM 



O 
CM 



m 
o 



CO 

o 
o 



m 
o 



o 

CM 



O 



O 

o 



CO 
CM 



o 

CO 



CM 
CO 



m 
o 



m 
o 
o 



o 
«— i 
o 



o 
m 



m 
o 



o 

t-H 
O 

o 

LD 

t — I 
O 

o 



o 
m 



o 

CM 



O 

CM 



00 
O 



O 
CM 



r 



- 20 - 



CN 
CD 



arks 










































Rem 










































Ability of 
phosphate 
coating 


o 


o 




o 


o 


o 


o 




o 


o 




CD 


O 




o 




o 


o 


o 


CD 


Percent of 
ferrite having 
grain size of 2 
urn or more {%) 


o 
r- 


CM 


m 


CM 
OO 


co 
oo 


m 

VO 


00 
VO 


VO 
ID 


CO 


m 
cn 


m 
r- 


cn 

VO 


CO 


r- 


VO 

cn 


cn 

VO 


CO 

vo 


cn 
m 


rH 

m 


r- 


value 


Cn 

cn 


CM 
VD 


vo 
vo 


"cr 

cn 


cn 
r- 


cn 

00 


00 

cn 


CO 
CO 


CO 

cn 


cn 
o 

rH 


cn 
cn 


r- 
cn 


rH 
rH 
rH 


ro 

CO 


m 
o 

rH 


CO 

cn 


rH 

cn 


vo 
r- 


m 
m 


o 
r- 












































Elonga- 
tion 
(%) 


VO 
CM 


m 
t-t 


cn 

rH 


00 
CM 


CM 


CM 


r- 

CM 


CM 


00 
CM 


CM 
ro 


r* 

CM 


VO 
CM 


o 
ro 


CM 


rH 

ro 


vo 

CM 


CM 


CM 
CM 


m 

rH 


rH 
CM 


Tensile 
strength 
(N/mm 2 ) 


CD 

ro 
vo 


! 1,012 i 


CO 
VO 

cn 


CM 

cn 
vo 


r- 

CM 
OO 


OO 
O 

r- 


cn 

VD 


m 

CM 

r- 


^ 

VO 
VO 


m 

rH 
VO 


r- 

VO 


vo 
m 
vo 


O 

00 

m 


r- 
r- 
[ — 


O 

ro 
vo 


CO 

vo 


vo 
cn 
vo 


ro 

CO 


ro 
r- 

rH 
rH 


ro 
cn 


Coiling 
temperature 
(°C) 


o 
m 
ro 


o 
m 
m 


o 
o 

IT) 


o 
m 
■^r 


o 

CM 

■<^r 


o 

00 

ro 


O 
O 

m 


o 

CM 

m 


O 

m 
m 


O 
CO 


o 
m 

CO 


o 
m 
m 


o 
o 

VO 


o 
m 


o 

CM 


o 

CO 

ro 


o 
o 
in 


o 
m 
ro 


o 
m 
in 


o 
o 
vo 


Air cooling 

start 
temperature 

(°C) 


1 OIL \ 


o 
o 
r- 


o 

CM 

r- 


o 
m 

VO 


o 

CO 
VO 


o 

CM 

r- 


o 
cn 

VO 


o 

rH 

r- 


o 
o 
r- 


O 
CM 

r- 


o 
m 
vo 


o 

00 
IX) 


O 
CM 

r- 


o 
cn 

VO 


1 OIL 


o 
o 
r- 


o 

CM 

r- 


o 
m 
vo 


o 

rH 

r- 


o 
o 
r- 




rH 


CM 


ro 




m 


VO 


r- 


CO 


cn 


o 


rH 


CM 


co 




m 


vo 


r- 


CO 


cn 


o 

CM 




X 

u 


X 

co 


X 

u 


X 


X 

co 


X 
CO 


X 

co 


X 

w 


X 

w 


X 
DO 


X 

co 


X 
CO 


X 
CO 


X 

to 


X 

w 


X 

co 


X 

co 


X 

w 


X 
CO 


X 
CO 



Remarks 


































duct . | 


duct. | 




duct . | 


duct. 


































Low 


Low 




Low 


Low 


Ability of 
phosphate 
coating 




o 


o 


e> 




u 




o 


o 


e> 






ex. 




Cm 




PL, 




D-i 


o 


o 


Percent of 
ferrite having 
grain size of 2 
um or more (%) 


r- 


r- 


CO 

r- 


lD 
CT. 


r- 




Cn 

lO 


r- 


CM 
Cn 




CM 

r- 


O 
r* 


cn 


cn 


lO 
-^r 


CM 

L£> 


co 
ro 


o 

rH 


KO 


LO 
CO 


cn 

CO 


value 


CO 
CTv 


■^r 
o 

rH 


r- 
co 


<X> 
O 

rH 


rH 

cn 


r- 


LO 


CM 

r- 


CM 
O 
rH 


CTi 
00 


CM 
00 


CM 

<o 


oo 
oo 


cn 
»x> 


rH 
<D 




00 


rH 
"IT 


■^r 
<x> 


<o 


o 
r- 


<< 












































Elonga- 
tion 
(%) 


KO 
CM 


CO 
CM 


CM 


rH 

ro 


■^r 
CM 


CM 
rH 


CO 
rH 


CM 
CM 


cn 

CM 


CM 


CM 


cn 

rH 


o 

CO 


ro 

CM 


LO 
rH 


cn 

rH 


cn 


LO 


o 

CM 


LO 
rH 


rH 


Tensile 
strength 
(N/mm 2 ) 


OO 


CO 
rH 
VD 


CO 

r- 


lO 
CM 
VD 


rH 

o 
r- 


1,363 | 


CM 
Cn 

cn 


^ 
rH 

cn 


o 


00 
rH 

r- 


r- 

00 

r- 


1,042 | 


rH 

r- 
r- 


CT» 


1,019 | 


1,008 | 


1,313 | 


1,521 | 


1,008 | 


rH 

LO 


cn 

CO 


Coiling ; 
temperature 1 
(°C) 


o 

lO 
^ 


O 
CM 
■"^ 


o 

CO 

m 


O 
O 
CO 


o 

lO 
co 


o 

LO 

co 


o 

O 


o 

lO 


o 
lO 
ro 


o 

lO 

lO 


o 
o 

VD 


o 

lO 


o 
o 

lO 


o 

LO 

ro 


o 

LO 
LO 


o 
o 


o 

LO 


o 

LO 


o 
o 
<x> 


o 

LO 


o 

LO 


Air cooling 

start 
temperature 
(°C) 


o 

CM 

r- 


O 

m 

<oD 


o 

CO 
K£> 


O 
CM 

r- 


o 

cn 

y£> 


o 

CO 
KO 


o 

CM 

r- 


O 
cn 

<D 


O 

CTl 
<X> 


o 
oo 

kO 


O 
CM 

r- 


o 

CTi 
KO 


o 

lO 


o 
oo 


o 

CM 

r- 


O 

cn 


o 
oo 


o 
cn 

V£> 


o 
cn 


o 

CO 


o 
cn 




























rH 


CM 


co 




LO 




r- 


oo 


cn 




rH 
CM 


CM 
CM 


co 

CM 


CM 


lO 
CM 


CM 


r- 

CM 


00 
CM 


cn 

CM 


O 
CO 


rH 
CO 


CM 
CO 


X 

u 


X 

w 


X 

w 


X 

w 


X 


X 

w 


X 

w 


X 
W 


X 

w 




x 
w 


X 

u 


X 

u 


X 
W 


X 

w 


X 


X 


X 
W 


X 


X 
W 


X 


X 
W 


Comp. 


Comp. 


Comp. 


Comp. 


Comp. 


Comp. 


Comp. 


Comp. 


Comp . 



- 22 - 



Example 2 

Steels of the ingredients shown in Table 3-1 and 
Table 3-2 were melted and cast into slabs by continuous 
casting in accordance with an ordinary method- Examples 
5 33 to 58 show steels of ingredients in accordance with 

the present invention, Comparative Example 10 shows steel 
with amounts of addition of C and P outside the scope of 
the present invention, Comparative Example 11 shows steel 
with an amount of addition of Mn outside the scope, 

10 Comparative Example 12 shows steel with an amount of 

addition of Al outside the scope, Comparative Example 13 
shows steel with amounts of addition of Si and Al outside 
the scope, Comparative Example 14 shows steel with 
amounts of addition of Si and Ti and V outside the scope, 

15 Comparative Example 15 shows steel with amounts of 

addition of Si and Nb outside the scope, and Comparative 
Example 16 shows steel with an amount of addition of Al 
outside the scope. Further, Comparative Example 10 shows 
steel with a formula (1) outside the scope of the present 

20 invention, while Comparative Example 11 shows steel with 

formulas (1) and (2) outside the scope. 

These steels were heated in heating furnaces at 
temperatures of 1200°C or more and were hot rolled to 
obtain 2.6 to 3.2 mm thick hot rolled steel sheets. The 

25 hot rolling conditions are shown in Table 4-1, Table 4-2, 

and Table 4-3. 

In Table 4-1, 33-4 shows an example where the 
cooling rate is low and outside the scope of the present 
invention, 34-3 and 38-3 show air cooling start 

30 temperatures outside the scope of the present invention, 

and 37-3 and 39-3 show coiling temperatures outside the 
scope of the present invention. Further, 42-2 of Table 4- 
2 shows a shorter air cooling time. 

The thus obtained hot rolled steel sheets were 

35 tested for tensile strength and ability of phosphate 

coating. The TS, El, and phosphate coating of the test 
pieces are shown in Table 4-1, Table 4-2, and Table 4-3. 
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FIG. 3 shows the relationship between strength and 
elongation. It is learned that the invention steels are 
higher in elongation compared with the comparative steels 
and therefore superior. 

Note that the test methods of tensile strength and 
elongation, the method of measurement of the 
microstructure of the steel sheets, and the method of 
judgment of ability of phosphate coating are the same in 
conditions as Example 1. 
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* where, Ar 3 = 896-509 (C% ) +26 . 9 (Si% ) -63 . 5 (Mn% ) +229 ( P% ) 
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INDUSTRIAL APPLICABILITY 

As explained in detail above, according to the 
present invention, high strength hot rolled steel sheet 
having a high strength of a tensile strength of 590 N/mm 2 
5 or more and excellent in burring, elongation, and ability 

of phosphate coating can be economically provided, so the 
present invention is suitable as high strength hot rolled 
steel sheet having a high workability. Further, the high 
strength hot rolled steel sheet of the present invention 
10 enables reduction of the weight of car bodies, integral 

formation of parts, and streamlining of the working 
processes and therefore can contribute to the improvement 
of the fuel efficiency and reduction of production costs 
so is great in industrial value. 



